Background: Melanoma survivors are at high risk of further primary melanomas.
Melanoma has become a common cancer in white populations worldwide. 1, 2 Survivors risk further new primaries, 3 and mortality increases with additional invasive melanomas. 4 Exposure to solar ultraviolet radiation is the strongest environmental risk factor for melanoma, 5 and hence melanoma survivors' adoption of sun protection is of paramount importance alongside regular skin surveillance.
Cross-sectional surveys and small cohort studies suggest that some melanoma survivors, particularly females, 6, 7 increase their use of sunscreen and protective clothing immediately after diagnosis and regularly attend skin examinations. [8] [9] [10] However, it appears that postdiagnosis improvements may not persist, [11] [12] [13] and net behavior change is unknown.
A cancer diagnosis can substantially affect patients psychologically and present a teachable moment for positive changes in health behavior for some.
14 Thus, understanding the trajectories of sun protection behaviors in melanoma survivors is important to conducting targeted health promotion. We used latent class analysis (LCA) to depict how both sun protection and exposure behaviors increased decreased or remained stable in a cohort of survivors of primary melanoma with different sun-related behaviors when their melanoma was diagnosed. 15 We also assessed whether risky sun behaviors were associated with further primaries.
METHODS

Study population
Participants were recruited prospectively in 2010-2014 from public hospital clinics, private practices, and pathology services in Queensland, Australia. Patients met the inclusion criteria if they had received a histologic diagnosis of stage T1b to T4b cutaneous melanoma, were at least 16 years old, and were able to complete a questionnaire. Of 1254 invited patients, 825 (66%) consented to take part; 36 of them later proved ineligible, leaving 789. There was no financial compensation given for participation. Patient recruitment and data collection have been described previously. 16 Two institutional human ethics committees approved the study.
Participants completed baseline self-administered questionnaires that collected information on the following: personal factors ( During follow-up, the same questions about frequency of skin protection and amount of weekend sun exposure were repeated every 6 months for 24 months. Patients reported frequency of skin checks by a clinician (3-monthly, 6-monthly, 12-monthly, or less than 12-monthly) and if diagnosed with recurrence of index melanoma or another new primary (confirmed by histology or imaging).
Statistical analysis
Baseline characteristics were described by sex; differences were assessed by using Pearson chisquare tests. We used repeated measures LCA to identify patterns of sun protection behaviors at diagnosis and at 6, 12, 18 and 24 months 15 by sex. For selection of the latent class model, we started with a 1-class model, adding 1 class to each successive model (to a maximum of 5). The optimum number of classes was selected by using the Akaike information criterion, 18 Schwarz Bayesian information criterion, 19 degree of separation of latent classes (entropy), and clinical meaningfulness of the model. For sensitivity analysis, selection of the latent class
CAPSULE SUMMARY d
Melanoma survivors are at high risk of development of a second primary. Patients with a history of multiple melanomas had a significantly lower risk of development of a further melanoma if they used sunscreen regularly.
model was repeated with exclusion of patients with a history of melanoma and melanoma recurrence separately.
Posterior probabilities of the repeated measures LCA were used to categorize each patient into 1 latent class for each sun behavior variable. As we were assessing factors associated with improved sun protection, we dichotomized behavior patterns as adequate versus inadequate behavior. Multivariate logistic regression was used to examine the associations between personal, socioeconomic (location of residence, education, and occupation), and psychologic factors and sun behavior latent classes representing adequate sun protection behaviors separately for males and females, with the models unadjusted and then adjusted for variables significantly associated with a sun protection behavior in univariable analysis.
To determine whether inadequate sun behavior was associated with a higher likelihood of a further primary melanoma within 2 years, we used Cox regression with behavior trajectories as exposure variables (inadequate versus adequate) and a subsequent primary as the outcome variable. Those who did not have a further primary or who died were censored at 24 months or date of death, respectively. We adjusted the final model for age, skin type, occupation, skin checks by a physician, and sun exposure and sun protection variables. Because of evidence of effect modification, the final analysis was stratified on the basis of having melanoma before the study (yes or no). Analyses were conducted by using SAS software (version 9.4) and PROC LCA (version 1.3.2), 15 PROC LOGISTIC, and PROC PHREG software (SAS Institute Inc, Cary, NC).
RESULTS
Patient characteristics
Of the 789 study participants, 448 (57%) were male and 341 (43%) were female (mean age at diagnosis, 64 years and 58 years, respectively). Males more commonly had outdoor occupations and melanomas that were thicker or located on the head or neck. Compared with the male participants, female participants were more often without a partner, tended to have a lower level of education, more commonly had clinical or subclinical anxiety, had skin types with a greater tendency to burn, and were more likely to be nonsmokers (all P \.05) ( Table I ).
There was no association between missing data (data missing for 49 participants [6%]) and participant characteristics.
Trajectories of sunscreen and clothing use
Participants' use of sunscreen outdoors from before diagnosis and as reported every 6 months for the next 2 years was best described with models comprising 3 latent class patterns (hereafter referred to as trajectories). These 3 trajectories were similar in males and females; we termed them stable never-use, stable sometimes-use, and increased to often-use (Supplemental Table I ; available at http://www. jaad.org). There were 173 (39%) males and 200 (59%) females in the increased to often-use trajectory, which was characterized by an increased probability (from .50-.60 before diagnosis to .90 after diagnosis) of using sunscreen most of the time when outdoors (Fig 1) . This increase occurred within 6 months of diagnosis and was maintained throughout the 2-year follow-up. The trajectories of the stable sometimes-users' and the stable neverusers of sunscreen varied little over the study period (Supplemental Table I ). Very similar trajectories were seen among patients with melanoma for wearing long sleeves in the sun after diagnosis (Supplemental Fig 1 and Supplemental Table II ; available at http:// www.jaad.org) and for hat wearing (data not shown) when patients with a history of melanoma or a melanoma recurrence were excluded.
Trajectories of weekend sun exposure
On the basis of patients' probability of spending low (0-1 hours), moderate (2-5 hours), or high ([5 hours) amounts of time in the sun on a weekend day from before diagnosis until 2 years after, both male and female patients' weekend sun exposure patterns were again best described by 3 trajectories. In males, these were stable high (22% of males), high to moderate (60%), and moderate to low (18%) ( Table II) , whereas in females, sun exposure trajectories were fluctuating moderate to high (19% of females), stable moderate (48%), and moderate to low (33%) ( Table II) . That is, 2 of the male behavior trajectories (accounting for 349 of the males [78%]) and 1 of the female behavior trajectories (accounting for 112 of the females [33%]) showed an overall reduced weekend sun exposure in the first 6 months after diagnosis that persisted for the 24-month follow-up period. The same behavior trajectories were observed when patients with a history of melanoma or those with a melanoma recurrence were excluded during sensitivity analyses.
Factors associated with sun exposure and protection
Among patients with melanoma who had complete data for covariates (n = 743), those who were inadequate users of sunscreen after diagnosis (stable sometimes-users and stable never-users) were older, more likely to never check their own skin, and less likely to have a university education than were those with an increased-to-often sunscreen use trajectory (Table III) . Those who did not wear long sleeves regularly when in the sun had similar characteristics (Supplemental Table III ; available at http://www. jaad.org).
Compared with participants in the moderate-tolow weekend sun exposure trajectory, participants with trajectories of higher weekend sun exposure, were more commonly younger, more likely to have outdoor versus indoor occupations, and less commonly had head or neck melanomas or clinical or subclinical depression. Males with trajectories of high sun exposure were also less likely to perform self-skin examinations (Table IV) . Exploration of the relationship between age (\40, 40-59, 60-79, and [80 years) and sun behavior in univariate analyses revealed that inadequate use of sunscreen was more common in older age groups ($60 years) in both females (P = .003) and males (P = .0018), whereas high weekend sun exposure was more common in younger males (\60 years) (P \ .0001) but not in females (P = .14).
Risk of subsequent melanoma
Of the 75 patients (11%) who developed a subsequent primary melanoma within 2 years, most were male (63%), were older than 65 years (66%), and were receiving more frequent skin checks by a physician after diagnosis (all P \ .05). We observed that patients with a history of melanoma when the index melanoma was diagnosed had a higher likelihood of a subsequent primary melanoma if their sunscreen use was inadequate in the following 2 years (Table V) . Sunscreen use was not associated z For female participants, the burn-then-tan and tan-only skin type categories are combined because of small numbers.
x For female participants, the both and the outdoor-only occupational categories are combined because of small numbers. (Table V) . Also, weekend sun exposure was not associated with a further primary, regardless of melanoma history.
DISCUSSION
A proportion of primary melanoma survivors had a sustained increase in their use of sunscreen (39% of males and 59% of females) and long sleeves (onethird of patients) and a sustained reduction in their weekend sun exposure (78% of males and 33% of females). However, around a fifth of melanoma survivors never engaged in recommended sun safety practices before or after diagnosis; the characteristics associated with poorer behaviors included being male, having a lower education level, having some tanning ability, being a current smoker, not performing skin self-examinations, and having thinner versus thicker melanoma at diagnosis.
Patients who had had a melanoma before their index melanoma and who had trajectories of inadequate sunscreen use had a significantly higher risk of subsequent primary melanoma over 2 years of follow-up. It is possible that we did not observe this effect in patients without prior melanoma, as the 2-year follow-up time may have been insufficient for new disease to occur in less susceptible patients. Although the induction time between ultraviolet For female participants, the burn-then-tan and tan-only skin type categories are combined because of small numbers. k For female participants, the both and the outdoor-only occupational categories are combined because of small numbers. exposure and melanoma development is unknown, our results suggest that patients with multiple melanomas can lower their risk of further primary melanomas by applying sunscreen when outdoors. For more than 30 years there have been widespread skin cancer awareness and prevention campaigns in Australia, as reflected in the high proportion of participants using sun protective behaviors before diagnosis. 20, 21 Despite this, at least one-fifth of our study cohort (particularly males) displayed risky sun behaviors before diagnosis of their melanoma, with little or no change after diagnosis, which is consistent with the findings of other reports. 6, 7, 11 We recommend that future studies seek to identify enablers and barriers for sun behavior change, particularly in patients with melanoma and inadequate protective behaviors.
Unlike the results from small cohort studies showing that initial improvements in sun safety behaviors in melanoma survivors were unsustained, 12,13 our large study showed that the majority of behavioral modifications were maintained over the 2 years after diagnosis of the index melanoma. Sun protection behaviors improved predominantly in the first 6 months, indicating that the period immediately after a melanoma diagnosis is important for patient education. This is consistent with the standard care for patients with melanoma, 22, 23 according to which sun safety education should be part of routine management after diagnosis. Patients can also be encouraged to increase specific preventive behaviors such as sunscreen use, and given the generally increased risk of further new primaries, this message should be conveyed to all patients with melanoma, regardless of their history. However, further research into effective patient education and counseling strategies and standardization thereof across health providers is required.
Strengths of this study are its prospective design, large size, and novel use of repeated measures LCA to describe sun behaviors of melanoma survivors at high risk of disease spread. The response rates to sun behavior surveys were high ([80% at all time points). Our 2-year rate of subsequent primary melanomas (11%) is consistent with observations from other cohorts. 24 Limitations included collection of information on prediagnosis sun protection only after diagnosis (potential recall bias) and selfreported behavior (social desirability bias). Those who had a previous diagnosis of melanoma (21%) at recruitment or whose melanoma recurred in the study period (11%) may have behaved differently from other patients, but sensitivity analysis excluding these groups did not alter results. Conscious avoidance of being outdoors as a sun protection measure was not ascertained in study surveys.
CONCLUSION
Our study confirms that a diagnosis of high-risk primary melanoma is a teachable moment for some patients, inducing them to adopt lasting improvements in sun protection. However a proportion of patients appear to persist with inadequate protection: more commonly, they are males, current smokers, those with lower education, those with some tanning ability, or those not performing skin self-examination. Patients with a history of multiple melanomas whose sunscreen use was inadequate on follow-up had a significantly higher risk of another primary. These findings should encourage clinicians to provide sun protection counseling to melanoma survivors and assist in identifying patients who would benefit from targeted education to reduce risk of further primary disease.
Supplemental Fig 1.
Change over time in the probability of use of long sleeves more than 50% of the time by long sleeve use latent class, and the proportions in each class separately for males and females.
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